A D-aminoacylase-producing microorganism, strain DA181, isolated from soil was identified as Alcaligenes denitrifcans subsp. denitrificans. This strain produced about 29,300 units (micromoles of product formed per hour) of D-aminoacylase and 2,300 units of L-aminoacylase per gram of cells (wet weight) when cultivated in a medium containing 1% N-acetyl-DL-leucine as the carbon source. The D-aminoacylase was purified 345-fold. The specific activity of the purified enzyme was 108,600 units per mg of protein when N-acetyl-D-methionine was used as a substrate. The apparent molecular weight was 58,000, as estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. N-Acetyl-D-methionine was the favored substrate, followed by N-acetyl-D-phenylalanine. This enzyme had a high stereospecificity, and its hydrolysis of N-acetyl-L-amino acids was almost negligible.
D-Amino acids such as D-valine and D-phenylglycine are intermediates for the preparation of various pesticides, bioactive peptides, and antibiotics (1, 13, 14) . Several methods have been reported for the optical resolution of DLamino acids into D-amino acids. Chemically synthesized N-acyl-DL-amino acids were optically resolved with L-aminoacylase to generate L-amino acids; the nonhydrolyzed N-acyl-D-amino acids were then chemically hydrolyzed to obtain D-amino acids. This method was developed mainly for the purpose of producing L-amino acids; the optical purity and recovery of the D-amino acid by-products were therefore not satisfactory. Takahashi et al. (17) developed another method for producing D-amino acids from position 5-substituted hydantoins, the intermediary products of a conventional process for amino acid synthesis. Hydantoins were asymmetrically hydrolyzed by a hydantoinase of Pseudomonas striata to give N-carbamyl-D-amino acids, which were then hydrolyzed by acid to produce D-amino acids.
The approach of using L-aminoacylase for the production of L-amino acids has been one of the most successful industrial applications of immobilized enzyme technology (2, (19) (20) (21) . According to the same principle, a D-aminoacylase with strict stereospecificity should be a promising tool for the manufacture of D-amino acids. Microbial D-aminoacylases have been reported by Kameda et al. (6, 7) and Fukagawa and colleagues (5, 9, 10) in Pseudomonas species and by Sugie and Suzuki (15, 16) in Streptomyces olivaceus. The disadvantage of these D-aminoacylases was that their stereospecificities were not strict enough for some amino acids. This drawback restricted the use of these enzymes for the production of D-amino acids. We conducted a screening program for D-aminoacylase-producing microorganisms from soil. Strain DA181, identified as Alcaligenes denitrificans subsp. denitrificans, was isolated. The D-aminoacylase produced by this strain was shown to possess a high stereospecificity. Here we report the production, purification, and some properties of this D-aminoacylase and results of taxonomic studies of strain DA181. Microorganisms and culture conditions. D-Aminoacylaseproducing microorganisms were isolated by the following procedure. Soil extract was spread onto agar plates containing isolation medium, which was composed of 1% N-acetyl-D-methionine (the sole carbon and nitrogen source), 0.1% K2HPO4, and 0.05% MgSO4 7H2O (pH 7.0), and was solidified with 1.5% agar. Strains able to grow on this medium were selected and cultivated at 30°C in 20 ml of liquid isolation medium supplemented with 0.5% yeast extract in a 200-ml flask with constant shaking. The cells were collected by centrifugation, and the intracellular D-aminoacylase activity was measured after the cells were treated with toluene. A bacterial strain, named DA181, was selected.
For enzyme production, strain DA181 was cultivated in 2.5 liters of LYP medium (1% N-acetyl-DL-leucine, 0.5% yeast extract, 0.5% peptone, 0.1% K2HPO4, and 0.05% MgSO4 7H20 [pH 8.0]) at 30°C in a 5-liter mini jar fermentor (Mizuwa Rikagaku Kogyo Co., Osaka, Japan). The D-aminoacylase activity was analyzed after the cells were treated with toluene. LYP medium was also used for the stock slant culture of strain DA181.
Characterization and identification of strain DA181. Taxonomic characteristics of strain DA181 were investigated by the procedures described in Manual of the Identification of Medical Bacteria, 2nd ed. (3); The Prokaryotes: A Handbook on Habitats, Isolation, and Identification of Bacteria (18) ; and Bergey's Manual of Systematic Bacteriology, vol. 1 (8) .
Toluene treatment of cells. Cells were suspended in 0.5 ml of ice-cold 50 mM Tris hydrochloride buffer (buffer A; pH 7.8), and then 0.2 ml of ice-cold toluene was added and mixed thoroughly. After 20 min on ice, the cells were collected by centrifugation and suspended in 0.5 ml of buffer A, and the intracellular D-aminoacylase activity was determined.
Enzyme assay. The D-aminoacylase activity was measured by reacting TNBS with the D-methionine released from N-acetyl-D-methionine, which was shown to be the most preferable substrate for this enzyme (4) . An appropriate amount of enzyme was incubated in 0.5 ml of buffer A containing 20 mM N-acetyl-D-methionine at 37°C for 20 min. The reaction was stopped by heating the mixture in boiling water for 5 min; 0.5 ml of 0.1 M Na2B4O7 in 0.1 M NaOH and 20 pAl of 1.1 M TNBS were then added, and the reaction mixture was incubated at 37°C for 5 min. A 2-ml portion of the Na2SO3 solution which was freshly prepared by mixing 1.5 ml of 0.1 M Na2SO3 with 98.5 ml of 0.1 M NaH2PO4, was then added. The A420 was determined. L-Aminoacylase activity was estimated by the same method, except that N-acetyl-L-methionine was used as the substrate.
One unit of enzyme activity was defined as the amount of enzyme which catalyzed the formation of 1 Laemmli (11) . Protein was detected by staining the gel with 0.004% Coomassie brilliant blue in 5% isopropanol-10% acetic acid.
Purification of the enzyme. A typical purification scheme of the D-aminoacylase from the cell extract of A. denitrificans subsp. denitrificans DA181 is described below. All operations were carried out at 4°C, and the columns used were preequilibrated with buffer A.
(i) Preparation of cell extract. Cells (75 g) collected from 9 liters of culture broth were suspended in 600 ml of buffer A containing 2 mM P-mercaptoethanol, the cells were sonicated, and the cell debris was removed by centrifugation.
(ii) Ammonium sulfate fractionation. Solid ammonium sulfate was added to the clarified cell extract with stirring to give 30% saturation. After the solution was allowed to stand for 1 h, the supernatant was collected by centrifugation and was brought to 70% ammonium sulfate saturation in the same manner. After the solution stood for 2 h, the precipitate was collected by centrifugation. It was dissolved in a minimal volume of buffer A and dialyzed against the same buffer.
(iii) DEAE-Sephadex A-50 column chromatography. The 30 to 70% ammonium sulfate fraction was applied to a DEAESephadex A-50 column (9.0 by 35 cm). After the solution was washed with buffer A, the enzyme was then eluted with the same buffer containing 0.3 M NaCl at a flow rate of 120 ml/h. The active fractions were pooled and concentrated by lyophilization.
(iv) Sephadex G-100 column chromatography. The active enzyme fraction from DEAE-Sephadex A-50 column was applied to a Sephadex G-100 column (6. (3, 8, 18) . A transmission electron micrograph of this strain is shown in Fig. 1 .
Effect of medium pH on the production of D-aminoacylase. The effect of the initial pH of the medium on the production of D-aminoacylase was examined by using a medium containing 1% N-acetyl-D-methionine, 0.5% yeast extract, 0.5% peptone, 0.1% K2HPO4, and 0.05% MgSO4 7H20. The highest enzyme production was obtained with a starting pH of 8.0 (Fig. 2) . When the initial pHs were between 5.0 and 10.0, the final pHs of the medium after 24 h of cultivation were from 8.5 to 9.0.
Effect of N-acetyl-amino acids on the production of Daminoacylase. The N-acetyl-amino acids were used as nutrients for growth and as inductive reagents for enzyme production. The effects of various N-acetyl-amino acids at a concentration of 1% was investigated ( DL-tryptophan, these N-acetyl-amino acids greatly stimulated enzyme production. N-Acetyl-D-methionine and Nacetyl-D-phenylalanine worked better than N-acetyl-DL-methionine and N-acetyl-DL-phynylalanine, respectively, for enzyme induction. Among the tested compounds, N-acetyl-DL-leucine was the best for either enzyme production or cell growth and was selected for the following studies. The addition of 1% N-acetyl-DL-leucine increased the enzyme production five fold and stimulated cell growth two fold. The noticeable stimulatory effect of N-acetyl-DL-leucine on cell growth could be explained since this strain was able to utilize leucine, as well as acetate, as the sole carbon source; but it was not able to utilize the other amino acids tested. The optimum concentration of N-acetyl-DL-leucine for both enzyme production and cell growth was 2% (Fig. 3) . A concentration of 1% was chosen for the rest of the study to reduce costs.
Time course of D-aminoacylase production. A typical time course of the cultivation of strain DA181 in a 5-liter benchtop jar fermentor is shown in Fig. 4 production of D-aminoacylase. Strain DA181 was grown in a medium containing 1% N-acetyl-D-methionine, 0.5% yeast extract, 0.5% peptone, 0.1% K2HPO4, and 0.05% MgSO4 7H20 (pH 7.0) for 24 h at 30°C. The culture was then inoculated 2% into 500-ml shaking flasks, each of which contained 100 ml of the medium described above adjusted to the designated pH. The initial cell density was about 7 x 108 CFU/ml. After 24 h of culture, the pH of the culture broth (0), cell density (H), and D-aminoacylase activity in the toluene-treated cells (A) were determined. The cell density was determined by determining the A'50, which was then calibrated from the CFU plate count versus absorbance curve. a Strain DA181 was grown in 100 ml of medium containing 1% N-acetylamino acids, 0.5% yeast extract, 0.5% peptone, 0.1% K2HPO4, and 0.05% MgSO4 7H20 (pH 8.0) in 500-ml shaking flasks at 30°C. The initial cell density was about 7 x 108 CFU/ml. After 24 h of cultivation, the cell growth and the intracellular D-aminoacylase activity were determined. b The activity obtained in the medium without N-acetyl-amino acids was about 30 units per ml, which was assigned a value of 100.
was obtained, with a recovery of 11%. The specific activity of the purified enzyme was 108,600 units per mg of protein.
The L-aminoacylase present in the crude extract was eliminated by the first DEAE-Sephadex column chromatography (Fig. 5) . The enzyme activity eluted from the Fractogel HW-50 column was a symmetrical peak that coincided with a major protein peak (data not shown). When this enzyme preparation was chromatographed by high-performance liquid chromatography, several minor contaminating proteins could be further separated from the enzyme peak (Fig. 6) . The specific activity of the enzyme increased significantly after this step. Purity and molecular weight of the enzyme. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the enzyme preparation purified by high-performance liquid chromatog- 3 . Effect of N-acetyl-DL-leucine concentration on the production of D-aminoacylase. Strain DA181 was grown in LYP medium for 24 h at 30°C. The culture was then inoculated 2% into 500-ml flasks, each of which contained 100 ml of LYP medium with various concentrations of N-acetyl-DL-leucine. The initial cell density was about 1.2 x 109 CFU/ml. After 24 h of culture, the cell density (G) and the D-aminoacylase activity in the toluene-treated cells (A) were determined. The cell density was determined by determining the A550, which was then calibrated from the CFU plate count versus absorbance curve. raphy showed the presence of trace amounts of a contaminant protein with a faster mobility, which could be removed by rechromatography on a high-performance liquid chromatograph (Fig. 7) . By using molecular weight standards, the molecular weight of the enzyme was estimated to be 58,000.
Substrate specificity. The relative activity of the purified D-aminoacylase toward various N-acetyl-D-or L-amino acids is summarized in Table 3 . N-Acetyl-D-methionine was the favored substrate; the next most favored substrate was N-acetyl-D-phenylalanine, followed by N-chloroacetyl-Dvaline. N-Acetyl-D-valine, in contrast, was a poor substrate. Of all the N-acetyl-L-amino acids tested, the relative activities were all less than 1%. activity toward all the N-acetyl-L-amino acids tested. The high stereospecificity of this enzyme gives great advantage in the production of D-amino acids. Another merit of this enzyme is its high specific activity, which is 108,600 units per mg, as determined by the TNBS method, with N-acetyl-Dmethionine used as a substrate. The specific activity of D-aminoacylase from S. oliva(aeus (16) and Pseidwnoaoti(is sp. (9) were 571 and 6.8 units per mg, respectively. How do the bacteria utilize N-acetyl-D-amino acids to support their growth? Members of the genus Alcaligenies are chemoorganotrophs that are capable of utilizing a variety of organic acids and amino acids as the sole carbon source. The acetate produced by D-aminoacylase catalyzed hydrolysis of N-acetyl-D-amino acids and was considered to be a good carbon source for strain DA181. So far we have not been able to detect any amino acid racemase activity in the crude extract of strain DA181 cells, so it is possible that a transaminase which catalyzes the deamination of D-amino acids might play an important role in the metabolism of D-amino acids produced in the D-aminoacylase reaction.
